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Description 

This invention relates to an improved electrode and 
in particular to an electrode for use in a fuel cell having 
an improved tolerance to electrocatalyst poisoning spe- $ 
cies in the reactant fuel and oxidant streams. 

In a fuel cell, a fuel, which is typically hydrogen, is 
oxidised at a fuel electrode (anode) and oxygen, typi- 
cally from air, is reduced at a cathode, to produce an 
electric current and form product water. An electrolyte io 
is required which is in contact with both electrodes and 
which may be alkaline or acidic, liquid or solid. The liquid 
electrolyte phosphoric acid fuel cell (PAFC) operating at 
a temperature of 190°C-200°C, is a type of fuel cell 
close to commercialisation and will find applications in is 
the multi-megawatt utility power generation market and 
also in combined heat and power, ie co-generation sys- 
tems, in the 50 to several hundred kilowatt range. In sol- 
id polymer fuel cells (SPFCs) or proton exchange mem- 
brane fuel cells (PEMFCs), the electrolyte is a solid pro- 20 
ton-conducting polymer membrane, commonly based 
on perfluorosulphonic acid materials. The electrolyte 
must be maintained in a hydrated form during operation 
in order to prevent loss of ionic conduction through the 
electrolyte. This limits the operating temperature of the 25 
PEMFC typically to between 70°C and 120°C depend- 
ing on the operating pressure. The PEMFC does, how- 
ever, provide much higher power density output than the 
PAFC, and can operate efficiently at much lower tem- 
peratures. Because of this, it is envisaged that the PEM- 30 
FC will find use in vehicular power generation and small 
scale residential power generation applications. In par- 
ticular, vehicle zero emission regulations have been 
passed in areas of the United States which are likely to 
restrict the use of the combustion engine in the future. 35 
Pre-commercial PEMFC-powered buses and prototype 
PEMFC-powered vehicles are now being demonstrated 
for these applications. 

Due to these relatively low temperatures, the oxida- 
tion and reduction reactions require the use of catalysts 40 
in order to proceed at useful rates. Catalysts which pro- 
mote the rates of electrochemical reactions, such as ox- 
ygen reduction and hydrogen oxidation in a fuel cell, are 
often referred to as electrocatalysts. Precious metals, 
and in particular platinum, have been found to be the 
most efficient and stable electrocatalysts for all low tem- 
perature fuel cells, operating below 300°C. The plati- 
num electrocatalyst is provided as very small particles 
(~20-50A) of high surface area, which are often, but not 
always, distributed on, and supported by, larger macro- so 
scopic conducting carbon particles to provide a desired 
catalyst loading. Conducting carbons are the preferred 
materials to support the catalyst due to their corrosion 
resistance to acidic electrolytes. The electrodes include 
electrocatalyst material and should be designed to en- ss 
hance contact between the reactant gas (ie hydrogen 
or oxygen), the electrolyte, and the precious metal elec- 
trocatalyst. The electrode is porous, and is often known 



as a gas diffusion (or gas porous) electrode, since it al- 
lows the reactant gas to enter the electrode from the 
face of the electrode exposed to the reactant gas stream 
(back face), and the electrolyte to penetrate through the 
face of the electrode exposed to the electrolyte (front 
face), and products, particularly water, to diffuse out of 
the electrode. 

In the PEMFC the electrodes are bonded to the sol- 
id polymer electrolyte, which is in the form of a thin mem- 
brane, to form a single integral unit known as the mem- 
brane electrode assembly (MEA). 

In practice, these gas diffusion electrodes typically 
comprise in addition to the electrocatalyst material, oth- 
er non-catalytic components, such as polymeric bind- 
ers, the various components together forming one or 
more layers, and supported on a porous electrically- 
conducting substrate material, for example, conducting 
carbon materials (papers, cloths, foams) or, particularly 
in the case of non-acid electrolyte fuel cells, metal mesh- 
es of nickel or steel grids. In the case of other applica- 
tions employing gas diffusion electrodes, such as elec- 
trochemical sensors, various forms of polytetrafluor- 
oethylene (PTFE) sheet are also typically employed as 
supporting substrates. 

In most practical fuel cell systems the hydrogen fuel 
is produced by converting a hydrocarbon-based fuel 
such as methane, or an oxygenated hydrocarbon fuel 
such as methanol, to hydrogen in a process known as 
reforming. This reformate fuel contains in addition to hy- 
drogen, high levels of carbon dioxide (C0 2 ), of around 
25%, and small amounts of impurities such as carbon 
monoxide (CO), typically at levels of around 1%. For fuel 
cells operating at temperatures below 200°C, and es- 
pecially for the PEMFC operating at temperatures 
around 100 °C, it is well known that CO, even at levels 
of 1 -1 Oppm, is a severe poison for the platinum electro- 
catalysts present in the electrodes. This leads to a sig- 
nificant reduction in fuel cell performance, ie the cell 
voltage at a given current density is reduced. This del- 
eterious effect is more pronounced with the lower oper- 
ating temperature PEMFC. 

Various methods have been employed to alleviate 
anode CO poisoning. For example, reformer technology 
has been redesigned to include an additional catalytic 
reactor, known as a preferential or selective oxidation 
reactor. This involves the injection of air or oxygen into 
the hydrogen containing reactant gas stream prior to 
passing over the selective oxidation catalyst to oxidise 
the CO to C0 2 . This can reduce the levels of CO from 
1-2% down to below 100ppm. However, even at these 
levels the anode electrocatalyst in the PEMFC is still poi- 
soned. 

It has also been found that poisoning of the electro- 
catalyst by CO at levels of 1-100ppm can be reduced 
by the use of an oxygen or air bleed directly into the 
anode gas stream just before it enters the anode cham- 
ber of the fuel cell itself. This is described by S Gottes- 
feld and J Pafford in Journal Electrochem. Soc, Vol 1 35, 
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1988, p2651. The technique is believed to have the ef- 
fect of oxidising the residual CO in the fuel to C0 2 , the 
reaction being catalysed by electrocatalyst sites present 
in the anode: 

CO + ko 2 -> co 2 1 

This technique provides fuel cell performance that 
is much closer to the performance observed if no CO 
was present in the fuel stream. 

A further technique for alleviating fuel cell perform- 
ance reduction due to anode CO poisoning is to employ 
an anode electrocatalyst which is itself intrinsically more 
poison tolerant, but which still functions as a hydrogen 
oxidation catalyst in the presence of CO. With this ap- 
proach it is not necessary to employ the air bleed tech- 
nique described above to obtain improved performance. 
As described by, for example, L Niedrach et a/ in Elec- 
trochemical Technology, Vol. 5, 1967, p318, the use of 
a bimetallic anode electrocatalyst comprising platinum/ 
ruthenium, rather than the more conventionally used 
mono-metallic platinum only electrocatalyst, shows a re- 
duction in the poisoning effect of the CO at typical PEM- 
FC operating temperatures. The bimetallic catalyst does 
not, however, reduce the levels of CO in the reactant 
fuel stream, but is slightly more tolerant towards the 
presence of CO than platinum electrocatalyst alone. 
However, again it has not yet been possible to fully attain 
the performance observed on pure hydrogen, ie in the 
absence of CO in the fuel stream, by using this approach 
in isolation. 

The presence of C0 2 in reformate has previously 
not been believed to have a deleterious impact on the 
performance of the PEMFC. However, in a paper enti- 
tled "Electrocatalysis Issues in Polymer Electrolyte Fuel 
Cells" by M S Wilson et al, Proceedings of the 28th 
IECEC Conference, Atlanta, 1993, p 1.1203-1.1208, it 
can be seen that if the anode fuel stream comprises 75% 
hydrogen and 25% C0 2 , with essentially no CO present, 
the performance of the PEMFC is again reduced. This 
is attributed to poisoning of the anode electrocatalyst by 
the C0 2 . The presence of C0 2 had not previously been 
recognised as contributing to loss of fuel cell perform- 
ance. The use of a platinum/ruthenium bimetallic anode 
electrocatalyst, rather than a pure platinum anode elec- 
trocatalyst, and with no bleed of air or oxygen into the 
anode chamber, again demonstrated a much reduced 
performance loss in the presence of C0 2 . The improved 
performance was attributed to an increase in C0 2 toler- 
ance of the bimetallic electrocatalyst compared with the 
pure platinum electrocatalyst, rather than to a reduction 
in levels of C0 2 in the fuel stream. The performance was 
closer to that expected in the absence of poisoning spe- 
cies in the fuel stream, but still does not fully attain the 
performance observed if no poisoning species were 
present in the fuel. 



It thus appears that there exist two commonly used 
techniques for improving the performance of fuel cell an- 
odes for operation on reformate fuel comprising high 
levels of C0 2 and trace levels of CO, /©the use of an 

s air bleed and the use of a more poison tolerant electro- 
catalyst. However, the improvement the techniques of- 
fer are explained by the operation of two different reac- 
tion mechanisms. Firstly, with the air bleed technique, it 
is postulated that in the presence of oxygen the anode 

10 electrocatalyst facilitates the oxidation of CO to C0 2 , as 
described in reaction (1) above. The low level of C0 2 
produced from the CO does not have a major poisoning 
effect. Secondly, even in the absence of air bleed, the 
poisoning effect of both CO and C0 2 can be reduced by 

is using a modified anode electrocatalyst (ie one that is 
more tolerant towards the poison). The mechanism pro- 
posed for this improvement is that the active sites on the 
modified electrocatalyst are less prone to poisoning by 
adsorption of the poisoning species and more sites are 

20 left available to perform the desired hydrogen oxidation 
reaction. 

Currently low temperature fuel cells, such as the 
PEMFC and the PAFC, typically employ electrodes 
comprising a single catalyst component to accelerate 

25 the hydrogen oxidation and oxygen reduction reactions. 
The prior art provides many examples of this. For ex- 
ample, R Lemons in Journal of Power Sources, Vol 9, 
1990, p251, shows that similar single component plati- 
num catalysts are used for both anode and cathode re- 

30 actions in SPFC technology. 

In the case of the PEMFC, operating on reformate 
fuel containing CO a and CO in addition to hydrogen, this 
type of electrode does not provide sufficient activity or 
durability for practical applications. From a cost point of 

35 view it is desirable to use electrodes with loadings of the 
precious metal electrocatalyst of lower than 1,0mg/cm 2 
of electrode area. At these loadings, it has not yet been 
possible to produce an anode electrocatalyst with high 
enough intrinsic tolerance to poisoning, such that, when 

40 no air bleed is employed, the performance is close to 
that observed with hydrogen fuel with no poisoning spe- 
cies present. 

The air bleed technique has most frequently been 
employed in PEMFCs in which the anode also compris- 
es es a conventional single component electrocatalyst ma- 
terial. This is typically a mono-metallic platinum catalyst. 
Although it is possible to improve the performance of the 
PEMFC to close to the level that would be observed if 
no poisoning species were present, there are concerns 
50 over the long term sustainability of the performance 
when this conventional type of electrode is employed. 
This is particularly the case if high levels of air bleed, 
equivalent to 4% and above of the total reformate fuel 
volume, are required. 
55 A recent approach to minimise the effect of CO poi- 
soning by use of an air bleed is disclosed in US 
5,482,680. This patent discloses the use of a selective 
oxidation catalyst, present as a gas-porous bed or layer, 
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placed between the fuel stream inlet of the fuel cell and 
the anode catalyst layer. In particular, the catalyst bed 
or layer can be placed in a variety of positions within the 
fuel stream manifold, including within the fuel stream in- 
let and fuel stream humidification apparatus. 

Similar problems of electrocatalyst poisoning can 
occur in the cathode, where oxygen reduction is the de- 
sired reaction. Air is the most commonly used oxygen- 
containing reactant, and can contain poisons such as 
sulphur and nitrogen containing compounds, or trace 
metals such as lead. The presence of these materials 
can lead to a decrease in fuel cell performance due to 
a reduction in the effectiveness of the oxygen reduction 
electrocatalyst present in the cathode. 

The present invention seeks to overcome the prob- 
lem of electrode performance decay due to electrocat- 
alyst poisoning by providing an electrode which has high 
activity and durability in the presence of poisons present 
in a reactant stream supplied to a fuel cell containing the 
electrode. The invention provides an electrode which 
has improved tolerance to the poisons present in the re- 
actant stream and, in addition, provides a fuel cell in- 
cluding an electrode according to the invention. 

Accordingly, the present invention provides an elec- 
trode which may be an anode or cathode comprising a 
first catalytic component and a second catalytic compo- 
nent, characterised in that the first catalytic component 
is active at gas-phase reaction sites and the second cat- 
alytic component is active at electrochemical reaction 
sites provided that when the electrode is an anode the 
first catalytic component and the second catalytic com- 
ponent are in physical contact. An advantage of having 
such an electrode is that each catalytic component can 
be selected based on its activity for the particular func- 
tion it has to perform (ie reducing the level of poisoning 
species in a gas phase reaction or facilitating an elec- 
trochemical reaction). In one embodiment of the inven- 
tion, the first and second catalytic components are in 
physical contact in both the anode and cathode. 

Conventionally electrochemically-active sites in the 
electrode must comprise an ionically-conducting mate- 
rial in close proximity to the active sites. In the PEMFC, 
this is typically a form of the solid proton-conducting pol- 
ymer electrolyte. Preferably, in an electrode of the 
present invention, the first catalytic component is not 
substantially in contact with the electrolyte while the sec- 
ond catalytic component is substantially in contact with 
the electrolyte. 

Suitably, the first catalytic component treats a reac- 
tant gas stream to reduce the concentration of poisoning 
species. For example, the gas stream may be a refor- 
mate stream (hydrogen-containing fuel) fed to the an- 
ode, or oxidant stream (oxygen-containing reactant) fed 
to the cathode. The poisoning species to be removed 
typically include CO and C0 2 from the reformate stream 
and sulphur or nitrogen-containing compounds from the 
oxidant stream. The combined effects of a reduction in 
the level of these poisons from the reformate and/or ox- 



idant streams will result in an improved electrode and 
improved fuel cell performance as measured by activity 
and durability. 

Suitably, the second catalytic component is select- 

5 ed to enhance the rate of an electrochemical reaction in 
the presence of a reactant stream containing poisoning 
species. The presence of the second catalytic compo- 
nent contributes to an improved performance of the 
electrode as it is selected to be less prone to poisoning 

10 by the poisoning species present in the reactant stream 
and is therefore more capable of promoting the desired 
electrochemical reaction. Suitably, the second catalytic 
component enhances the rate of an electrochemical hy- 
drogen oxidation or oxygen reduction reaction. 

15 Suitably, the first and second catalytic components 
are arranged such that the reactant gas stream first con- 
tacts the first catalytic component, and thereafter con- 
tacts the second catalytic component. 

Suitably, the catalytic components may be the same 

20 or different catalyst materials and are independently se- 
lected from the platinum group metals, gold or silver; or 
base metals or base metal oxides; or alloys or mixtures 
of one or more of these metals. The platinum group met- 
als are platinum, palladium, rhodium, iridium, ruthenium 

25 and osmium. In one embodiment, the first catalytic com- 
ponent is platinum and the second catalytic component 
is a mixture of platinum/ruthenium. 

Preferably each catalytic component is present in a 
separate layer in the electrode. In this embodiment 

30 where there is a layer of each catalyst, supported on for 
example, a carbon fibre paper or cloth substrate, the 
structure being effectively a bilayer or multilayer, the 
electrode can be designed to enhance the performance 
from each catalytic component. For example, the sec- 

35 ond catalytic component active at electrochemical reac- 
tion sites is formulated to ensure a high level of contact 
with the electrolyte material in order to enhance the 
amount of ionic contact between the electrolyte and the 
electrochemical catalytic component. It is desirable that 

40 the first catalytic component active at gas phase reac- 
tion sites should not contact a significant quantity of ion- 
ically-conducting electrolyte material and preferably 
should not contact any, as this may reduce its effective- 
ness. The separate layers may contain other non-cata- 

45 lytic components, such as polymeric binders, for exam- 
ple, polytetrafluoroethylene (PTFE). The first and sec- 
ond catalytic components may comprise the same cat- 
alyst material, but formulated in such a manner that one 
proportion of the catalyst material does not contact a sig- 

50 nificant quantity, if any, of ionically conducting electro- 
lyte material thus forming the first catalytic component, 
and the remaining proportion has a high level of contact 
with the electrolyte thus forming the second catalytic 
component. 

55 in an alternative embodiment, the first and second 
catalytic components may be present in a single mixed 
layer. This layer may optionally contain other materials 
such as forms of the solid proton-conducting polymer 
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electrolyte, and other polymeric binders, such as PTFE. 
This embodiment allows manufacturing of the electrode 
with a small number of process stages. Alternatively, the 
electrode may comprise a combination of a separate 
layer and a mixed layer. 

A further aspect of the invention comprises a fuel 
cell including at least one electrode according to the in- 
vention. 

Suitably when fuel fed to the anode of the fuel cell 
is reformate containing residual levels of CO a fuel cell 
operates with addition of oxygen or oxygen-containing 
gas to the anode. The presence of air or oxygen, in com- 
bination with a first catalytic component reduces the lev- 
el of CO poison, and results in greater improvements in 
electrode and fuel cell performance. 

A further aspect of the present invention provides a 
membrane electrode assembly (MEA) comprising at 
least one electrode of the invention. A yet further aspect 
provides a PEMFC comprising an MEA of the invention. 

A further aspect of the invention provides a process 
for preparing an electrode of the invention said process 
comprising applying the first and second catalytic com- 
ponents to a substrate either as separate layers or as a 
single mixed layer. The application of the catalytic com- 
ponents may be by any method known in the art and 
include filtration, powder vacuum deposition, spray dep- 
osition, electro-deposition, casting, extrusion, rolling or 
printing. 

A yet further aspect provides a process for prepar- 
ing an ME A of the invention comprising bonding to a sol- 
id polymer electrolyte two electrodes, wherein at least 
one of the electrodes is an electrode of the invention. 

A still further aspect provides a process for prepar- 
ing an MEA of the invention, wherein at least one of the 
anode or cathode components of the MEA is prepared 
by applying a first catalytic component to an electrically- 
conducting substrate, applying a second catalytic com- 
ponent to a solid proton-conducting polymer electrolyte 
and bringing together the substrate with first catalytic 
component and the solid proton-conducting polymer 
electrolyte with second catalytic component. 

The invention will now be illustrated by Examples 
which are illustrative and not limiting of the invention. 

Figure 1 shows the single cell performance of a 
PEMFC, as measured by the cell voltage at a fixed cur- 
rent density of 700 Amps per Square Foot (ASF) (1.0 
ASF = 1 .076 mA/cm 2 ) containing MEAs with a series of 
anodes which are being supplied with hydrogen fuel 
containing 40ppm carbon monoxide (CO). The influ- 
ence of increasing the air bleed concentration into the 
anode chamber of the cell, on the cell voltage at 700 
ASF, is illustrated. 

Figure 2 shows the single cell performance of a 
PEMFC, as measured by the cell voltage at a fixed cur- 
rent density of 700 ASF, containing MEAs with a series 
of anodes which are being supplied with hydrogen fuel 
containing 25% by volume of carbon dioxide (C0 2 and 
40ppm of carbon monoxide (CO). The influence of in- 



creasing the air bleed concentration into the anode 
chamber of the cell, on the cell voltage at 700 ASF, is 
illustrated. 

Figure 3 shows the single cell performance of a 
5 PEMFC, as measured by the cell voltage at a fixed cur- 
rent density of 700 ASF, containing MEAs with a series 
of anodes which are being supplied with hydrogen fuel 
containing 25% by volume of carbon dioxide (C0 2 ) and 
40ppm of carbon monoxide (CO). The influence of pass- 
10 ing a fixed air bleed concentration into the anode cham- 
ber of the cell, on the cell voltage at 700 ASF, as a func- 
tion of lifetime is illustrated. 

EXAMPLE 1 

15 

Two electrode performance evaluations are illus- 
trated in Figure 1 . The conventional, state of the art elec- 
trode structure, comprising a single catalyst material, is 
referred to as a "single layer" electrode. This electrode 

20 was formed from an ink comprising a mixture of a plat- 
inum/ruthenium catalyst (from Johnson Matthey Inc., 
New Jersey, USA) supported on Cabot Vulcan XC72R 
surface area conducting carbon, such that the platinum 
loading is 20wt%, together with a soluble form of Du- 

25 Ponfs Nafion 117 perfluorosulphonic acid polymer elec- 
trolyte (obtained as a 5% solution of Nafion 1100 EW 
from Solution Technology Inc. of Mendenhall, PA., 
USA). The electrode was formed by mixing the catalyst 
with the Nafion solution and coating the mixture on to a 

30 Toray TGP-090 carbon fibre paper substrate (from Toray 
Industries Inc., Tokyo, Japan), at a platinum loading of 
0.25mg/cm 2 . This electrode formed the anode of an 
MEA, in which the polymer electrolyte membrane (Dow 
XUS-13204.10-an experimental membrane available 

35 from Dow Chemical Company, Freeport, TX, USA) was 
hot pressed between the anode and a state of the art 
cathode formulated with a high loading of platinum black 
(4,0mg/cm 2 Pt). The face of the electrode comprising the 
catalyst layer is bonded directly to the membrane sur- 

40 face. 

An example electrode of the invention comprises 
two different catalyst materials, and is referred to as a 
bilayer electrode. In this electrode two layers are formed 
on the Toray TGP-090 carbon fibre paper substrate. 

45 Firstly, a layer comprising a mixture of a mono-metallic 
platinum catalyst, produced at 20wt%Pt supported on 
Vulcan XC72R carbon black, and mixed with a PTFE 
binder, was deposited onto the carbon fibre paper sub- 
strate. The platinum loading was 0.35mg/cm 2 On top 

so of the platinum catalyst layer a second layer comprising 
a platinum/ruthenium catalyst was then deposited. This 
layer was formed from an ink prepared with soluble 
Nafion 1 1 00 E W polymer according to the procedure de- 
scribed in the comparative example. The loading of plat- 

55 jnum in this layer was 0.25mg/cm 2 . The MEA was 
formed as described in the comparative example, with 
the Pt/Ru containing layer of the bilayer anode of the 
invention, being the face of the electrode bonded to the 
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solid membrane electrolyte. 

The data in Figure 1 show the variation of cell volt- 
age as an air bleed of increasing concentration is intro- 
duced into the anode gas stream just before it enters 
the fuel cell, for both MEAs. Performance on baseline 
fuel containing essentially no CO or C0 2 , but diluted 
with inert gas to take account of the reduced concentra- 
tion of hydrogen in the reformate, which does lower the 
cell performance, ie a mixture of 75% hydrogen and 
25% inert nitrogen (Hg/Ng - 75%/25%), and on reformate 
with 40ppm carbon monoxide added to the baseline fuel 
(Hg/Ng/CO - 75%/25%/40ppm) is shown. Compared 
with the conventional electrode, when operating on the 
fuel mixture containing 40ppm CO, as the level of air 
bleed is increased the cell voltage obtained at 700 ASF 
from the cell comprising the bilayer electrode more rap- 
idly approaches the cell voltage obtained at 700 ASF for 
operation on a baseline fuel which contains essentially 
no CO. The bilayer electrode attains a performance of 
within 20mV of the l-yN 2 baseline fuel after introduction 
of an air bleed of only 0.5%, whilst the conventional elec- 
trode comprising a single catalyst material requires an 
air bleed of >4% to reach a cell voltage close to the base- 
line fuel performance. 

The bilayer electrode comprises an additional cat- 
alyst material, which has been incorporated specifically 
to increase the amount of gas-phase active catalyst 
sites. The comparable state of the art electrode com- 
prises only one catalyst material, and was designed to 
possess only a high level of electrochemically active 
sites. 

EXAMPLE 2 

Two electrode performance evaluations are illus- 
trated in Figure 2. The conventional, state of the art elec- 
trode structure, comprising a single catalyst material, is 
again referred to as a "single layer" electrode, and was 
fabricated as described in Comparative Example 1. 

An example electrode of the invention comprises 
two different catalyst materials, and is again referred to 
as a bilayer electrode. This electrode was fabricated as 
described for the bilayer electrode in Example 1 , except 
that the platinum loading in the platinum/ruthenium elec- 
trochemically active layer formed on top of the platinum 
only gas-phase catalyst layer was 0.15mg/cm 2 . 

The data in Figure 2 show the variation of cell volt- 
age as an air bleed of increasing concentration is intro- 
duced into the anode gas stream just before it enters 
the fuel cell, for both MEAs. Performance on baseline 
fuel containing essentially no CO or C0 2 , but again di- 
luted with inert gas ie a mixture of 75% hydrogen and 
25% inert nitrogen (H^H 2 - 75%/25%) and on reformate 
comprising 25% carbon dioxide and 40ppm carbon 
monoxide added to the baseline fuel (Hg/^/CO^CO - 
70%/5%/25%/40ppm) is shown. Compared with the 
conventional electrode, when operating on the refor- 
mate fuel mixture containing CO and C0 2 , as the level 
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of air bleed is increased the cell voltage obtained from 
the cell comprising the bilayer electrode more rapidly 
approaches the cell voltage obtained on the baseline fu- 
el which contains essentially no CO and C0 2 . With an 
s air bleed of 1 %, the bilayer electrode is only 1 05mV be- 
low the cell voltage attained on H 2 /N 2 , whereas the con- 
ventional electrode is 245mV below the baseline cell 
voltage. 

As in Example 1, the bilayer electrode comprises 
10 an additional catalyst material, which specifically in- 
creases the number of gas-phase active catalyst sites. 
The comparable state of the art electrode comprises on- 
ly one catalyst material, and was designed to possess 
only a high level of electrochemically active sites only. 
is The bilayer electrode gives improved performance 
when operating on a fuel mixture containing both carbon 
monoxide and carbon dioxide. 

EXAMPLE 3 

20 

Three electrode performance evaluations are illus- 
trated in Figure 3. The conventional, state of the art elec- 
trode structure, comprising a single catalyst material, is 
referred to as a "single layer" electrode. This electrode 

25 was formed from a mixture of platinum black (4.0mg/ 
cm 2 Pt) and rhodium black (1 .33mg/cm 2 Rh), with a PT- 
FE binder, and was deposited on a Toray TGP-090 car- 
bon fibre paper substrate. The formed electrode was 
coated with a layer of the soluble form of DuPont's 

30 Nation 1 1 7 perfluorosufphonic acid polymer membrane 
to a loading of 0.36mg/cm 2 Nation, using a procedure 
as described in, for example, US Patent 4,876, 11 5. This 
electrode formed the anode of an ME A, in which the pol- 
ymer electrolyte membrane (Dow XUS-13204.10) was 

35 hot pressed between the anode and a state of the art 
cathode formulated from a high loading of platinum 
black (4.0mg/cm 2 Pt), which had been coated with a lay- 
er of soluble Nation 1 1 00 E W polymer in a similar man- 
ner to that described above. The cathode Nation loading 

40 was 0.40mg/cm 2 . The face of the electrode comprising 
the catalyst layer is bonded directly to the membrane 
surface. 

Two example electrodes of the invention using bi- 
layer electrodes comprising two different catalyst mate- 

45 rials are illustrated in Figure 3. In these electrodes two 
layers are formed on the Toray TGP-090 carbon fibre 
paper substrate. In "Bilayer 1 firstly, a layer comprising 
a mixture of a mono-metallic platinum catalyst, pro- 
duced at 20wt% Pt supported on Vulcan XC72R carbon 

50 black, and mixed with a PTFE binder, was deposited on- 
to a carbon fibre paper substrate. The platinum loading 
was 0.3mg/cm 2 Pt. On top of this layer, a second layer 
comprising a platinum black and a rhodium black was 
then deposited. This layer was formed by mixing plati- 

55 num black (4mg/cm 2 ) and rhodium black (1 .33mg/cm 2 ) 
with a PTFE binder. To this formed top layer was coated 
a layer of soluble Nation 1100 EW polymer according to 
the procedure described in the comparative example. 
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The Nation loading was 0.37mg/cm 2 . The ME A was 
formed as described in the comparative example, with 
the platinum and rhodium containing layer of the inven- 
tion, being the face of the electrode bonded to the solid 
membrane electrolyte. 

"Bilayer 2", also comprised a lower layer similar to 
that described for "Bilayer 1 comprising a layer of mo- 
no-metallic platinum catalyst produced at 20wt%Pt sup- 
ported on Vulcan XC72R carbon black and mixed with 
a PTFE binder. The platinum loading was 0.3mg/cm 2 . 
On top of this layer, a second layer was applied com- 
prising a platinum/ruthenium catalyst, produced at 
20wt% Pt and 10wt% Ru supported on Vulcan XC-72R 
carbon black, and mixed with a PTFE binder. The plat- 
inum loading was 0.29mg/cm 2 . To this layer was applied 
a layer of soluble Nation 1100 EW polymer according to 
the procedure described in the comparative example. 
The Nation loading was 0.37mg/cm 2 . The MEA was 
formed as described in the comparative example, with 
the platinum/ruthenium catalyst-containing layer being 
the face of the electrode bonded to the solid membrane 
electrolyte. 

The data in Figure 3 show the variation of cell volt- 
age as a function of operating time for all three MEAs. 
Performance on pure hydrogen fuel containing essen- 
tially no CO or C0 2 , and on reformate containing CO 
and C0 2 (Hg/Ng/COg/CO - 70%/25%/5%/40ppm) is 
shown. A constant air bleed of 3% was introduced into 
the anode chamber, and maintained at this level, for "Bi- 
layer 1 n and "Bilayer 2", while for the conventional "Sin- 
gle layer" the air bleed was periodically increased from 
3% to 4% to 5% and finally 7% to maintain acceptable 
performance. When operating on reformate fuel con- 
taining both CO and C0 2 , the cell voltage decay with 
time is similar to that seen for operation on hydrogen, 
with a constant air bleed, compared to the conventional 
electrode, where periodic increases in air bleed level 
were required to maintain similar cell voltage decays 
with time. Indeed, at the end of the test the conventional 
electrode while operating with an air bleed level of 7%, 
gave a far inferior cell voltage, compared to the bilayer 
electrodes operating with a much lower air bleed level 
of 3%. 

The bilayer electrodes comprise an additional cat- 
alyst material, increasing gas-phase active catalyst 
sites, which give superior lifetime performance when op- 
erating on reformate fuel, compared to conventional 
electrodes. 



Claims 

1. An electrode which may be an anode or cathode 
comprising a first catalytic component and a second 
catalytic component, characterised in that the first 
catalytic component is active at gas-phase reaction 
sites and the second catalytic component is active 
at electrochemical reaction sites provided that 



when the electrode is an anode the first catalytic 
component and the second catalytic component are 
in physical contact. 

s 2. An electrode according to claim 1 , wherein the first 
catalytic component treats a reactant gas stream to 
reduce the concentration of poisoning species. 

3. An electrode according to either claim 1 or 2, where- 
10 in the second catalytic component is selected to en- 
hance the rate of an electrochemical reaction in the 
presence of a reactant stream containing poisoning 
species. 

is 4. An electrode according to any one of claims 1 to 3, 
wherein the first and second catalytic components 
are arranged such that the reactant gas stream first 
contacts the first catalytic component, and thereaf- 
ter contacts the second catalytic component. 

20 

5. An electrode according to any one of claims 1 to 4, 
wherein the first and second catalytic components 
may be the same or different catalyst materials and 
are independently selected from the platinum group 

25 metals, gold or silver; or base metals or base metals 
oxides; or alloys or mixtures of one or more thereof. 

6. An electrode according to any one of claims 1 to 5, 
wherein each catalytic component is present in a 

30 separate layer in the electrode. 

7. An electrode according to any one of claims 1 to 5, 
wherein the catalytic components are present in a 
single mixed layer in the electrode. 

35 

8. An electrode according to any one of claims 1 to 5, 
wherein the catalytic components are present in a 
combination of a separate layer and a mixed layer 
in the electrode. 

40 

9. A fuel cell comprising an electrode according to any 
one of claims 1 to 8. 

10. A fuel cell according to claim 9, wherein when fuel 
45 fed to the anode is reformate containing residual 

levels of CO, operation of the fuel cell is with addi- 
tion of oxygen or oxygen-containing gas to the an- 
ode. 

50 11. A membrane electrode assembly comprising at 
least one electrode according to any one of claims 
1 to 8. 

12. A PEM fuel cell comprising a membrane electrode 
55 assembly according to claim 1 1 . 

13. A process for preparing an electrode according to 
any one of claims 1 to 8 comprising applying the 
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first and second catalytic components to a substrate 
either as separate layers or as a single mixed layer 

14. A process for preparing an ME A according to claim 
1 1 comprising bonding to a solid polymer electrolyte 
two electrodes, wherein at least one of the elec- 
trodes is an electrode according to any one of 
claims 1 to 8. 

1 5. A process for preparing an MEA according to claim 
11 wherein at least one of the anode or cathode 
components is prepared by applying a first catalytic 
component to an electrically-conducting substrate, 
applying a second catalytic component to a solid 
proton-conducting polymer electrolyte and bringing 
together the substrate with first catalytic component 
and the solid proton-conducting polymer electrolyte 
with second catalytic component. 



Patentanspruche 

1 . Elektrode, bei der es sich urn eine Anode oder Ka- 
thode handeln kann, die eirie erste katalytische 
Komponente und eine zweite katalytische Kompo- 
nente enthalt, dadurch gekennzeichnet, daG die er- 
ste katalytische Komponente an Gasphasenreakti- 
onsstellen aktiv ist und die zweite katalytische Kom- 
ponente an elektrochemischen Reaktionsstellen 
aktiv ist, wobei gilt, daft, wenn es sich bei der Elek- 
trode urn eine Anode handelt, die erste katalytische 
Komponente und die zweite katalytische Kompo- 
nente sich in physikalischem Kontakt befinden. 

2. Elektrode nach Anspruch 1 , wobei die erste kataly- 
tische Komponente auf einen Reaktantgasstrom 
einwirkt, urn die Konzentration an Giftstoffspezies 
zu verringem. 

3. Elektrode nach Anspruch 1 oder 2, wobei die zweite 
katalytische Komponente so ausgewahlt ist, daB 
die Geschwindigkeit einer elektrochemischen Re- 
aktion in Gegenwart eines Reaktantstroms, der 
Giftstoffspezies enthalt, erhoht wird. 

4. Elektrode nach einem der Anspruche 1 bis 3, wobei 
die erste und die zweite katalytische Komponente 
so angeordnet sind, daft der Reaktantgasstrom zu- 
erst mit der ersten katalytischen Komponente und 
danach mit der zweiten katalytischen Komponente 
in Beruhrung gelangt. 

5. Elektrode nach einem der Anspruche 1 bis 4, wobei 
die erste und die zweite katalytische Komponente 
gleiche oder verschiedene Katalysatormaterialien 
sein konnen und unabhangig voneinander unter 
Metallen der Platingruppe, Gold oder Silber, oder 
unedlen Metallen oder unedlen Metalloxiden, oder 



Legierungen oder Gemischen von einem oder meh- 
reren dieser Bestandteile ausgewahlt sind. 

6. Elektrode nach einem der Anspruche 1 bis 5, wobei 
5 jede katalytische Komponente in einer getrennten 

Schicht in der Elektrode vorhanden ist. 

7. Elektrode nach einem der Anspruche 1 bis 5, wobei 
die katalytischen Komponenten in einer Einzel- 

10 mischschicht in der Elektrode vorhanden sind. 

8. Elektrode nach einem der Anspruche 1 bis 5, wobei 
die katalytischen Komponenten in einer Kombinati- 
on aus einer getrennten Schicht und einer Misch- 

is schicht in der Elektrode vorhanden sind. 

9. Brennstoffzelle, die eine Elektrode nach einem der 
Anspruche 1 bis 8 enthalt. 

20 10. Brennstoffzelle nach Anspruch 9, wobei der Betrieb 
der Brennstoffzelle unter Zugabe von Sauerstoff 
oder sauerstoffhaltigem Gas zur Anode erfolgt, 
wenn der zur Anode zugefuhrte Brennstoff aus 
Restmengen an COenthaltenem Reformat besteht. 

25 

11. Membranelektrodenanordnung, die mindestens ei- 
ne Elektrode nach einem der Anspruche 1 bis 8 ent- 
halt. 

30 12. PEM-Brennstoffzelle, die eine Membranelektro- 
denanordnung nach Anspruch 11 enthalt. 

13. Verfahren zur Herstellung einer Elektrode nach ei- 
nem der Anspruche 1 bis 8 durch Applizieren der 

35 ersten und zweiten katalytischen Komponente auf 
ein Substrat entweder als getrennte Schichten oder 
als einzelne Mischschicht. 

14. Verfahren zur Herstellung einer MEA nach An- 
40 spruch 1 1 durch Verbinden von zwei Elektroden mit 

einem festen Polymerelektrolyten, wobei minde- 
stens eine der Elektroden aus einer Elektrode nach 
einem der Anspruche 1 bis 8 besteht. 

45 15. Verfahren zur Herstellung einer MEA nach An- 
spruch 1 1 , wobei mindestens eine Komponente aus 
den Anoden- und Kathodenkomponenten durch 
Applizieren einer ersten katalytischen Komponente 
auf ein elektrisch leitendes Substrat, Applizieren ei- 

so ner zweiten katalytischen Komponente auf einen 
festen protonenleitenden Polymerelektrolyten und 
Zusammenbringen des Substrats mit der ersten ka- 
talytischen Komponente und des festen protonen- 
leitenden Polymerelektrolyten mit der zweiten kata- 

55 lytischen Komponente hergestellt wurde. 
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Revendicatlons 

1. Electrode qui peut §tre une anode ou une cathode, 
comprenant un premier composant catalytique et 
un second composant catalytique, caracteris6e en 
ce que le premier composant catalytique est actif 
au niveau des sites de reaction en phase gazeuse 
et le second composant catalytique est actif au ni- 
veau de sites de reaction electrochimique, sous re- 
serve que lorsque I'electrode est une anode, le pre- 
mier composant catalytique et le second compo- 
sant catalytique soient en contact physique. 

2. Electrode suivant la revendication 1 , dans laquelle 
ie premier composant catalytique traite un courant 
de gaz reactif pour rEduire la concentration en com- 
poses constituant des poisons. 

3. Electrode suivant la revendication 1 ou 2, dans la- 
quelle le second composant catalytique est choisi 
afin d'accroitre la vitesse d'une reaction Electrochi- 
mique en presence d'un courant r6actif contenant 
des poisons. 

4. Electrode suivant Tune quelconque des revendica- 
tions 1 k 3, dans laquelle les premier et second 
composants catalytiques sont agencEs de manure 
que le courant de gaz reactif entre en contact 
d'abord avec le premier composant catalytique, 
puis avec le second composant catalytique. 

5. Electrode suivant Tune quelconque des revendica- 
tions 1 k 4, dans laquelle les premier et second 
composants catalytiques peuvent etre des mate- 
riaux catalyseurs identiques ou differents et sont 
choisis independamment parmi des metaux du 
groupe du platine, Tor ou I'argent ; ou des mEtaux 
basiques ou des oxydes de metaux basiques ; ou 
des alliages ou des melanges d'un ou plusieurs de 
ces metaux. 

6. Electrode suivant Tune quelconque des revendica- 
tions 1 & 5, dans laquelle chaque composant cata- 
lytique est present dans I'electrode en une couche 
separee. 

7. Electrode suivant Tune quelconque des revendica- 
tions 1 k 5, dans laquelle les composants catalyti- 
ques sont presents dans I'electrode en une couche 
unique mixte. 

8. Electrode suivant Tune quelconque des revendica- 
tions 1 k 5, dans laquelle les composants catalyti- 
ques sont presents dans une combinaison d'une 
couche s6par6e et d'une couche mixte dans I'elec- 
trode. 



vant Tune quelconque des revendications 1 k 8. 

10. Pile k combustible suivant la revendication 9, dans 
laquelle le combustible chargE k I'anode est un re- 
5 format contenant des taux rEsiduels de CO, le fonc- 
tionnement de la pile k combustible s'effectuant 
avec addition a I'anode d'oxygene ou d'un gaz con- 
tenant de I'oxygene. 

10 11. Ensemble d'electrode a membrane comprenant au 
moins une electrode suivant I'une quelconque des 
revendications 1 k 8. 

12. Pile a combustible a membrane d'echange de pro- 
fs tons, comprenant un ensemble d'electrode k mem- 
brane suivant la revendication 11 . 

13. Procede de production d'une electrode suivant 
I'une quelconque des revendications 1 a 8, compre- 

20 nant I'application des premier et second compo- 
sants catalytiques k un substrat comme couches 
separEes ou comme couche unique mixte. 

14. Procede de production d'un ensemble d'electrode 
25 & membrane suivant la revendication 11, compre- 
nant la liaison k un electrolyte solide polymere de 
deux electrodes dont I'une au moins est une Elec- 
trode suivant I'une quelconque des revendications 
1 a 8. 

30 

15. Procede de production d'un ensemble d'electrode 
a membrane suivant la revendication 11, dans le- 
quel au moins I'un des composants anode ou ca- 
thode est prepare par application d'un premier com- 

35 posant catalytique a un substrat conduisant I'Elec- 
tricite, application d'un second composant catalyti- 
que a un electrolyte polymere solide conduisant les 
protons et reunion du substrat avec le premier com- 
posant catalytique et reunion de I'Electrolyte poly- 

40 mere solide contenant les protons avec le second 
composant catalytique. 



50 



9. Pile k combustible comprenant une electrode sui- 
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